Backgrounds: Down syndrome (DS) is the most common chromosomal abnormality. The most important factor in DS is increased maternal age so after the age of 35, the risk of Down syndrome in pregnancy increases. Down syndrome can be diagnosed during pregnancy by prenatal screening. Nondisjunction in cell divisions is the main cause of the DS. Apo lipoprotein E is a 317 amino acid glycoprotein that plays an essential role in metabolism and cholesterol transport. Alzheimer's disease (AD) is one of the symptoms of adults with DS. The apoE allele e4 has been identified as a risk factor for AD and also, played a main role in nondisjunction. An increased risk of AD in mothers of adults with DS has been reported. We hypothesized that young mothers of DS children (<35 age) could have an increased frequency of apoE allele E4 so we studied apoE allele distribution in cases of trisomy 21 and their parents. In present study, we investigated association of 112 codon of APOE gene C/T and 158 codon of APOE gene C/T with DS children and their parents in Northeast of Iran (Khorasan Razavi Provence). Methods: In this case-control study, 33 DS children and their parents were compared in case of age with 90 families without any history of DS. Genotyping was performed by ARMS-PCR technique. Statistical analysis was performed by SPSS v.21 software. Results: It indicated that there is a significant difference in allele distribution between case and control groups. The C allele for 112 codon of APOE gene and the C allele for 158 codon of APOE gene may associate with nondisjunction. In 112 codon of APOE gene, it seems having T allele reduces the risk of nondisjunction and in contrast C allele may be a risk factor in happening of nondisjunction. (p-value = 0.000006, OR = 2.66, 95% CI = 1.74 -4.06). In 158 codon of APOE gene, it seems having T allele reduces the risk of nondisjunction and in contrast C allele may be a risk factor in happening of nondisjunction. (p-value = 0.0000, OR = 3.89, 95% CI = 2.38 -6.34). E4 allele frequency in mothers of DS is about 14% more than those in control group. According to results of this study the C 
Introduction
In 1959, Lejeune, Gautier, and Turpin discovered the association between Down's syndrome and a third chromosome 21 [1] . Down syndrome (DS or DNS), also known as trisomy 21, is a genetic disorder caused by the presence of all, or part of a third copy of chromosome 21 [2] . It is typically associated with physical growth delays, characteristic facial features, and mild to moderate intellectual disability [3] . For example, the average IQ of a young adult with Down syndrome is 50 which is the same as mental age of an 8-or 9-year-old child, but this can vary widely. There is no known behavior or environmental factor that changes the risk. We can diagnose Down syndrome by prenatal tests and by direct observation and genetic testing after birth. The diagnosis of Down's syndrome is made by chromosome analysis, which can be initiated prenatally due to identified risk factors, or postnatally due to the characteristic appearance of the infant [4] .
Prenatal diagnosis for chromosomal anomalies was first introduced in the 1970s, and was initially restricted to amniocentesis in the second trimester [5] . Down syndrome can be identified during pregnancy by prenatal screening followed by diagnostic testing, or after birth by direct observation and genetic testing [2] . Research efforts now focus on improvement of the sensitivity and specificity of screening, to reduce or eliminate the number of women needing an invasive diagnostic test, such as chorionic-villus sampling or amniocentesis [1] . Use of fetal cells in the maternal circulation for prenatal diagnosis could eliminate the need for amniocentesis in diagnostic testing, however, isolation of fetal cells from maternal blood is still associated with several technical and biological difficulties [6] . Down syndrome is caused by having three copies of the genes on chromosome 21 [7] . Approximately 90% -95% have free trisomy 21', and in about 95% of these the extra chromosome is of maternal origin, as determined by DNA-polymorphism analysis [8] . Among maternal errors, about 75% are a result of non-disjunction in the first meiotic division and 25% of non-disjunction in the second meiotic division of the oocyte [9] . We still know little about the causes of non-disjunction that lead to Down's syndrome. Calculation of the frequency of Down's syndrome depends on whether maternal age, gestational timing of diagnosis, and case loss due to prenatal diagnosis and termination of pregnancy are taken into account [10] . Maternal age affects the chances of having a pregnancy with Down syndrome and advanced maternal age remains the only well documented risk factor in DS [11] . There is no clear evidence of paternal age effect. The number of terminated pregnancies with Down's syndrome has increased, and the prevalence of Down's syndrome births has decreased from one in 700 to about one in 1000 [12] . Many (15%) who live 40 years or longer develop Alzheimer disease [13] . Apolipoprotein E (apoE) is a plasma protein involved in cholesterol transport and metabolism. The apoE gene is located on chromosome 19, and the three most common alleles are e2, e3, and E4 [14] . The apoE allele e4 has been identified as a risk factor for early-onset and late-onset Alzheimer's disease (AD) in both familial and sporadic cases [15] [16] . Increased frequency of Down syndrome (DS) births in the families of individuals with AD and increased frequency of AD in relatives of DS probands suggest a shared genetic susceptibility to DS and AD [17] . An increased risk of AD in mothers of adults with Down syndrome (DS) has been reported. A shared genetic susceptibility to DS and AD leading to an accelerated ageing process had been hypothesized. Subsequently, an increased e4 allele frequency has been found in mothers (£32 years of age) of DS children arising from a meiosis II (MII) error in the Danish population [18] . We hypothesized that young mothers of DS children could have an increased frequency of apoE allele E4, and studied apoE allele distribution in cases of trisomy 21 and their parents. Wehypothesized that young mother of DS children could have an increased frequency of Apolipoprotein E (apoE) allele E4. Apolipoprotein E4 allele distribution in parents of Down's syndrome children as a risk factor in KhorasanRazaviprovince, Iran was studied in this paper. The present study is to investigate association of 112 codon of APOE gene C/T and 158 codon of APOE gene C/T with Down syndrome in population of Northeast Iran (Khorasan Razavi).
Material and Methods
NCBI SNP database (dbSNP) was explored to discover frequency of these polymor- 
DNA Extraction & Genotyping
Peripheral blood from 99 patients and 270 controls was collected in EDTA CBC tube and genomic DNA was extracted and purified from whole blood lymphocytes 5PRIME kit according to the manufacturer's instructions. Specific primers for detection of SNP by Amplification Refractory Mutation System-Polymerase Chain Reaction (ARMS-PCR) were designed by using PRIMER 3 software (http://primer3.ut.ee). Specificity of designed primers was checked for human genome by the Primer-BLAST tool (http://www.ncbi.nlm.nih.gov/tools/primer-blast). Finally, Oligo Analyzer software was usedto check the absence of Hairpin, homodimeric and heterodimeric in PCR conditions (http://eu.idtdna.com/calc/analyzer). The sequences of primers are shown in Table 1. In study genotyped in a single reaction tube with six primers consisting of two common primers and two specific primers for each of two single nucleotide polymorphism (SNP) sites by tetra-primer amplification refractory mutation system (multiplex T ARMS) polymerase chain reaction (Table 2 ). ARMS-PCR was performed initially on 99 individuals selected for case groups then control groups. Micro-tube components and thermal protocol of PCR reaction are available in Table 3 . PCR products were loaded directly onto 2% agarose gels (containing green viewer), electrophoreses and visualized by photography under UV illumination. The product sizes for 112 codon were 115 bp, 444 bp and for 158 codon were 253 bp, 307bp for the C & T alleles, while the product size for the internal control was 514 bp. 
Statistical Analysis
The differences between the two groups were compared using the 
Results
Allele Table 4 and Table 5 . In 112 codon of APOE gene it seems having T allele reduces the risk of nondisjunction and in contrast C allele may be a risk factor in happening of nondisjunction. (p-value = 0.000006, OR = 2.66, 95% CI = 1.74 -4.06) ( Table 6 ). In 158 codon of APOE gene it seems having T allele reduces the risk of nondisjunction and in contrast C allele may be a risk factor in happening of nondisjunction. (p-value = 0.00 OR = 3.89, 95% CI = 2.38 -6.34) ( Table 7) . E4 allele frequency in mothers of Down syndrome is about 14 percent more than those in 
Discussion
Chromosomal non-disjunction is one of the questions of human genetics. Because of high incidence of Down syndrome in newborns and its socioeconomic consequences, we focus on this syndrome. Increased maternal age has main role, but the biological mechanisms of this occurrence are imprecise. No risk factor has been detected in young mothers, but they give birth to majority of Down syndrome children. Our study shows an increase in the frequency of apoE allele e4 in young mothers. We hypothesize that apoE allele E4 is a risk factor for non-disjunction of chromosome 21 in young mothers.
The frequency of allele e4 in young mothers with DS children supports their increased risk of Alzheimer disease as allele e4 is a genetic susceptibility factor in AD. ApoE has a main role in the oocyte and we know that pathological role of allele E4 in chromosomal nondisjunction remain to be investigated. ApoE is produced in most organs, like ovary, in which it involved in chromosomal nondisjunction. In our study, the frequency of apoE allele e4 in fathers of Down syndrome children was 21.21% significantly higher than 10.55% in control group. But in other study, the frequency of apoE allele e4 in Danish fathers of DS children lower than control group. The biological importance of this finding is not clear. In other studies, there aren't any differences in the frequency of allele e4 between case and control groups. So it is difficult to imagine that the apoE genotype of father has a main role in non-disjunction of chromosome 21. Our finding show that the frequency of apoE allele E4 in Down syndrome children is about 22.72%.
The frequency of this allele in control group is 10.55%. In other studies there were no differences in apoE allele distribution in people with Down syndrome compare with controls. We can see that there is agreement between small and large number of casecontrol groups. In other studies, mothers in case and controls divided to two subgroups: young mothers (<35) and older mothers (>35). But in our study, all mothers are young and findings show that the e4 frequency in mothers of DS children (26.78%) was higher as compared with controls (11%). In other studies findings are different in subgroups. Avramopoulos and et al found that in young mothers with a meiosis II error; e4 frequency was (30.0%) higher than in older mothers with a meiosis II error (13.0%). There is no clear difference in e4 frequency in both mothers (case and controls) that participate in M. ezquerra and et al., study. Genotyping methods that detect sequences in apoE alleles are RFLP, real-time PCR, mass spectrometry and T-ARMS PCR. All techniques are costly and time-comsuming, exect T-ARMS PCR. With this method, two different single nucleotide polymorphisms are detectable. So far no asso-ciation study has been investigated for this polymorphism and no frequency data is reported for it. Genotype and allele frequencies in both groups of patient and controls were compared separately. In 112 codon of APOE gene it seems having T allele reduces the risk of nondisjunction and in contrast C allele may be a risk factor in happening of nondisjunction. (p-value = 0.000006, OR = 2.66, 95% CI = 1.74 -4.06). In 158 codon of APOE gene it seems having T allele reduces the risk of nondisjunction and in contrast C allele may be a risk factor in happening of nondisjunction (p-value = 0.0000 OR = 3.89, 95% CI = 2.38 -6.34).
Conclusion
This study indicates that there is a significant difference in allele distribution between case and control groups. The C allele for 112 codon of APOE gene and the C allele for 158 codon of APOE gene shows association with nondisjunction. E4 allele frequency in mothers of Down syndrome is about 14% more than those in control group. According to results of the present study, 112 codon of APOE gene and 158 codon of APOE gene can be considered as susceptibility genetic factors for nondisjunction in Northeast of Iran. E4 allele has main role in nondisjunction.
